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Over  150,000  solitary  pulmonary  nodules  are  found  each 
year  on  chest  imaging.1  The  major  concern  of  the  patient 
is  whether  or  not  the  nodule  is  cancerous.  This  can 
typically  be  difficult  to  distinguish  from  a  benign  cause  on 
imaging  studies  alone.  Characteristics  of  the  mass  seen  on 
imaging  studies  can  help  to  determine  the  likelihood  that  a 
mass  is  benign  or  malignant.  These  include  size,  border, 
density,  growth  over  time,  and  calcifications.  Patient 
characteristics  such  as  age,  smoking  history,  and  history  of 
cancer  are  also  important  and  need  to  be  taken  into 
account.  Through  combination  of  both  patient  and  mass 
characteristics,  it  is  possible  to  determine  if  a  mass  is  likely 
benign  or  malignant. 

Introduction 

A  63  year  old  female  presents  to  the  ED  in  Augusta,  GA  while 
on  vacation  with  a  cough  that  has  been  worsening  over  the 
past  two  weeks.  Seen  previously  by  her  primary  care 
physician  and  treated  with  a  cough  suppressant.  Her  medical 
history  is  significant  for  left  breast  cancer  treated  by 
mastectomy.  This  patient  has  no  history  of  tobacco  use.  A 
chest  radiograph  (Fig.  1)  and  CT  (Fig.  2)  were  performed. 


Summary  of  Imaging  Findings 


A  nodule  is  visible  in  the  upper  left  upper  lobe  on  the  chest 
radiograph  (Fig.  1).  On  CT,  a  nodule  is  seen  in  the  left  upper 
lobe  measuring  2.93  cm  x  2.34  cm  with  scalloped  borders  and 
no  calcifications  (Fig.  2). 


Fig.  la  Chest  radiograph  demonstrating  a  left  upper  lobe  pulmonary  nodule. 

Patient  discussion: 

Differentiating  between  a  benign  and  malignant  pulmonary 
nodule  by  imaging  can  be  very  difficult.  Below  are  five 
imaging  characteristics  of  a  pulmonary  nodule  or  mass  that 
can  be  used  to  aid  in  differentiating  the  likelihood  that  a  lesion 
is  either  benign  or  malignant. 

Patient  and  nodule  characteristics  can  also  be  use  to  aid  in 
determining  the  likelihood  that  a  nodule  or  mass  is  benign  or 
malignant  shown  in  the  chart  below. 
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Fig.  lb  Lateral  chest  radiograph  demonstrating  a  left  upper  lobe  pulmonary 
nodule. 


Fig.  2  Chest  CT  demonstrates  a  solitary  pulmonary  nodule  within  the  left 
upper  lobe  with  scalloped  borders  without  calcifications.  Note  breast  implant 
on  left. 


Low  Intermediate  High1 


Diameter 
of  nodule 

<1.5  cm 

1. 5-2.2  cm 

>2.3cm 

Age 

<45 

45-60 

>60 

Smoking 

Status 

Never 

Current 

(<20cig/d) 

Current 

(>20cig/d) 

Smoking 

Cessation 

Quit  >7  yr  ago 

Quit  <7  yr  ago 

Never  quit 

Border 

Smooth 

Scalloped 

Corona 
radiata  or 
spiculated 

Once  the  likelihood  of  benignity  or  malignancy  for  the  nodule 
or  mass  in  question  has  been  determined,  this  can  be  used  to 
aid  in  the  differential  diagnosis. 

Benign  nodules  generally  fall  into  two  categories  making  up 
90%  of  all  benign  lesions.  These  are  infectious  granulomas 
incorporating  80%  of  benign  nodules  and  hamartomas 
comprising  10%  of  the  remainder.  Infectious  granulomas  are 
generally  caused  by  fungi  endemic  to  the  environment  or 
mycobacteria.  Hamartomas  will  have  areas  of  fat,  muscle, 
myxomatous  tissue,  and  fibroblastic  tissue  that  may  be  able  to 
be  seen  on  imaging  studies.  It  also  classically  has  “popcorn” 
calcifications. 1  Another  benign  albeit  rarer  diagnosis  that  can 
be  considered  in  patients  from  the  southern,  southeastern  and 
eastern  coastal  states  is  Dirofilariasis.  This  is  more  commonly 


Benign  Malignant 


Size 

80%  of  nodules 
<2cm 

80%  of  nodules  >3cm2 
(ie.  Mass) 

Border 

80%  of  nodules  with 
smooth,  discrete 
border 

60%  with  scalloped 
border 

90%  with  spiculated 
border 

95%  with  corona 
radiata3 

Calcifications 

Diffuse  homogenous 
Central 

Laminated 

“Popcorn” 

Any  other  pattern 

Density 

*seldom  used  as 
different 

>164  HU 

scanners  vary  at 
institutions 
<147  HU2 

Growth 

Slow  growing 

Doubling  time  of  20- 
400  d 

=  30%  inc  in  diameter 

known  as  the  dog  heart  worm.  Humans  are  infected  through 
the  bite  of  mosquitoes  but  as  this  is  not  the  intended  host 
subsequently  die.  The  dead  larvae  embolize  to  the  lungs  and 
can  form  a  non-calcified  pleural  based  nodule.4 
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In  this  patient,  the  nodule  has  a  higher  likelihood  of 
malignancy  due  to  its  size,  borders,  and  the  age  of  the  patient. 
Malignancies  generally  fall  into  three  categories  including 
primary  lung  cancer,  carcinoid,  and  metastases.  The  location 
of  a  nodule  or  mass  can  be  useful  in  developing  a  differential 
diagnosis  as  well.  Primary  lung  cancers  include  the 
peripherally  based  adenocarcinoma  and  large  cell  carcinoma 
and  the  centrally  based  small  cell  and  squamous  cell 
carcinomas.  Carcinoid  is  a  well  circumscribed  mass  generally 
centrally  located  although  20%  can  occur  peripherally. 
Metastatic  disease  has  a  25%  probability  of  being  the 
diagnosis  when  the  patient  has  a  history  of  extrathoracic 
malignancy  as  in  this  patient.  The  cancers  most  likely  to 
metastasize  to  the  lung  include  melanoma,  sarcoma,  and 
colon,  breast,  renal,  and  testicular  carcinoma.5 

Approach  to  Diagnosis 

One  area  of  imaging  that  is  becoming  more  commonly  used 
to  help  determine  if  a  mass  is  malignant  or  benign  is  positron- 
emission  tomography  (PET).  This  measures  the  glucose 
metabolism  of  tissues  with  malignancy  generally  having  a 
higher  rate  of  metabolism  than  a  benign  process.  The 
sensitivity  for  identifying  a  malignant  process  is  96.8  percent 
with  a  specificity  of  77.8  percent.6  This  may  also  provide 
staging  information  and  identify  a  primary  malignancy  in  the 
case  of  a  metastasis  to  the  lung.  While  PET  scans  are 
expensive,  this  is  generally  a  cost  effective  strategy  since  it 
has  been  shown  to  reduce  the  number  of  patients  requiring 
surgery  by  up  to  15  percent.1 

If  the  likelihood  of  malignancy  is  much  greater  than  the 
probability  that  the  lung  nodule  is  benign  as  in  this  patient, 
then  tissue  needs  to  be  obtained  for  evaluation  to  determine 
what  type  of  malignancy  and  thus  what  treatment  options  are 
available  to  the  patient.  The  location  of  the  lung  nodule  or 
mass  plays  a  large  role  in  determining  which  method  is  to  be 
used  for  retrieving  of  a  tissue  sample. 

Bronchoscopy  is  one  method  for  retrieving  tissue  non- 
surgically.  The  sensitivity  is  variable  from  20-80  percent  for 
detecting  a  malignant  process  depending  upon  the  size  and 
location  of  the  lesion.  When  a  bronchus  leads  to  the  mass,  the 
sensitivity  increases  to  70  percent. 

Transthoracic  fine-needle  aspiration  biopsy  can  also  determine 
if  a  mass  is  malignant.  It  has  an  80-95  percent  sensitivity  for 
malignant  lesions.  Even  with  small  lesions  of  less  than  2  cm, 
it  has  a  60  percent  sensitivity  for  detecting  a  malignancy. 
Complication  rates  are  higher  with  this  procedure  than 
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bronchoscopy  with  an  incidence  of  pnuemothorax  around  30 
percent. 

Determining  the  probability  of  cancer  in  a  solitary 
pulmonary  lung  nodule  still  remains  inexact.  Thus  the 
characteristics  of  both  the  mass  and  the  patient  are  a  good 
starting  point. 

Note:  Follow  this  link  for  Category  1  CME  or  CNE  in  the  case 
of  the  week  in  the  MedPix™  digital  teaching  file. 

http://rad.usuhs.mil/medpix/medpix.  html?mode=single&recnu 

m=6969&th=-l#top 
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